We test the hypothesis that the impartiality of referees in football matches suffers from two types of biases. First, the unconscious bias, a result of the pressure exerted by suppoters benefiting the teams playing at home. Second, the conscious bias, the outcome of a voluntary action taken by the referee to determine of influence match results. Using data from the Italian 2004/05 Serie A season, we show that our hypothesis is empirically supported; our results help also to shed light on different aspects of the Calciopoli corruption scandal that exploded in Italy in the summer of 2006.
All of them have been punished: the clubs were sentenced with points deductions, and
Juventus was relegated to play the 2006/07 season in a lower division (Serie B). Table   1 summarizes the final sanctions inflicted by the FIGC to the four teams.
[ Table 1 about here] Corruption in professional sport is not an isolated phenomenon. For example, in summer 2007 the US sport has been shaken by "...the worst that could happen to a professional sport league", according to the National Basketball Association (NBA) commissioner David Stern. An NBA referee, Timothy Donaghy, was accused of two felonies by a district court in Brooklyn. He admitted to betting on several basketball matches, including the ones he was going to direct. Also, he confessed trying to manipulate results as well as to passing sensitive information to professional gamblers. The investigation is still ongoing to check whether other referees were also involved.
The two phenomena share the fact that two popular sports in team context seems to be plauged with illegal practices; in turn, this is a signal of the increasing diffusion of a misbehavior that needs to be further investigated. In this paper we focus on the Italian case and empirically evaluate whether, during the 2004/05 Serie A season, the performance of the four teams involved in the corruption scandal mentioned above benefited from the decisions taken by the referees suspected of fraud (henceforth called biased referees). More specifically, our study's objective is to answer the following questions: did referees' bias affect the performance of the teams involved in the scandal?
Is it possible to identify specific interaction effects among individual teams and single biased referees? Can we draw some general conclusions about the overall outcome of the championship?
Research in academic journals has extensively examined the impartiality of referees in football matches. This literature has mainly focused on the analysis of the so called "home team bias", i.e. the extent to which referees tend to be biased in favour of home teams. Several papers document that home pressure tends to influence referees' decisions. This type of advantage has been measured in terms of adding extra time, awarding penalties, allocating yellow and red cards and awarding free-kicks and offsides. Empirical papers examining the existence of the home team bias seem to be unequivocal and consistent across countries. As far as football is concerned, Garicano et al. (2005) examined the Spanish Primera Division, Dohmen (2005) studied the home advantage in the German Bundesliga and, finally, Goddard (2005) and Dawson et al. (2007) investigated the English Premier League. All these papers support the home team bias hypothesis. Conscious illegal behavior has also been partially studied. Duggan and Levitt (2002) analyse the effects of the existence of illegal practices in sumo wrestling competitions, where the wrestling stables implement game-fixing activities.
In this respect, our framework is different from Dougan and Levitt (2002) , where the colusive behaviour is between wrestlers and their stables. In our paper, we adapt standard conflict theory and construct a simple model where the probability of victory in a football match is affected by either a conscious or an unconscious behavior on the part of the referee. Our theory is then tested using data from the 2004/05 Italian Football Season. Given the outcome of the investigations, this represents an unique experimental case study to examine the simultaneous existence of the two forms (con-scious and unconscious) of referee bias. An important aspect of the empirical analysis is that, by controlling for the unconscious referee bias, it highlights the full effect of the conscious component.
Some interesting results emerge from our empirical investigation. In line with the literature on the economics of football, the home team bias exerted relevant effects in the Italian national championship: referees decisions, on average, tend to favour the team playing at home. In addition, there are different individual referees' effects that affect the performance of the four teams involved in the scandal. Such effects emerge since we control for all the factors associated by the literature with unconscious referee bias. Hence, the unexplained results seem to be driven by conscious referee bias.
These results may indicate the existence of two levels of competition. First, the official level (the legal championship), in which competition takes place on the pitch. Second, the unofficial level (the illegal championship), in which teams' owners and managers compete in order to corrupt referees and affect the results of the games. The overall outcome of the tournament depends on each team's performance in both the legal and illegal championship.
The paper is organized as follows. In Section 2 we discuss the theoretical and empirical literature on referee bias in sport contests, and motivate our study. In Section 3 we describe our model. In Section 4 we present the data and the empirical framework.
In Section 5 we comment on the main results. In Section 6 we discuss the implications of our findings. In Section 7 we draw some concluding remarks.
2 Performance in sport contests and the role of ref- The economics of sport has received large attention from the literature since Rottenberg (1956) . Broadly speaking, scholars have focused on two main questions. The first focuses on the optimal design of sport contests. It deals with devising the most appro-priate incentive scheme to ensure that all participants unfold their best effort to win the prize. Rosen (1986) models the incentive properties of prizes in sequential elimination tournaments in order to determine the best contestants and support the survival of the fittest. Ehrenberg and Bognanno (1990) empirically examine how the structure of prizes in the Professional Golfers' Association (PGA) influences players' performance and elicits their efforts. The importance of the optimal design of sport competitions is also clarified by Taylor and Trogdon (2002) . They empirically test how rule changes for determining the draft order in NBA recruitment can have a negative incentive for teams, which may voluntarily underperform during the season. An extensive review of this branch of literature can be found in Szymanski (2003) .
The second issue is more closely related to our study. It examines the impact of the factors that are expected to affect the probability of success in a sport competition.
Two variables emerge as the main determinants of the probability of success. First, the strength of the participants/teams. In football, this variable has been typically measured in terms of the number of goals scored and conceded in a match. Moroney (1956) and Reep et al. (1971) adopted a Poisson and a negative binomial distribution, respectively, to model the distributions of the number of goals scored and conceded by the teams participating in a football tournament. Although the use of the relative attack and defense capabilities of the two competing teams has also been adopted in more recent studies (Maher, 1982; Dixon and Coles, 1997; Rue and Salvesen, 2000) , Kuypers (2000) prefers to use the cumulative points gained by the competing teams to consider their relative strength.
The second determinant of the probability of success is the so-called home bias, defined as "the consistent finding that home teams in sport competitions win over 50% of the games played under a balanced home and away schedule" (Coruneya and Carron, 1992; p. 97) . This effect has been extensively investigated by the literature with respect to both team and individual sport contests. Bray and Carron (1993) , Holder and Nevill (1997) , Nevill et al. (1997) and Koning (2005) find a significant impact of the home advantage on the athletes' performance in alpine skiing, tennis, golf and skating, respectively. However, some of the evidence is not robust, in the case of individual sport contests (Koning, 2005) . In those cases the estimation of home bias is troublesome since the athletes generally play elimination tournaments, in which there is no guarantee of reaching the final stage of the competition. The home bias has been studied more effectively in team sport contests. Nevill and Holder (1999) document the home advantage significantly helping the French football team in the 1998 World Cup. Clarke and Norman (1995) and Carmichael and Thomas (2005) show that the home bias is statistically significant in English football matches played in the seasons going from 1981 to 1996. Bray (1999) reaches the same conclusion by examining the National Hockey League (NHL) matches from 1974 to 1993.
According to the literature, home bias is due to five different factors: crowd, learning/familiarity, travel, rule and referees. The crowd factor is defined as the support from the spectators to the home team which, normally, largely outweighs that to the visiting team. This unbalance is expected to affect the relative performance of the players of the two competing teams and, in turn, the outcome of the game. The learning/familiarity factor denotes the advantage for the home team stemming from the knowledge of the environment in which the match is played. Again, this unbalance is expected to alter the likelihood of success. The travel factor is related to the resources and time that the visiting team has to spend to reach the hosting field. Finally, the rule factor acknowledges the fact that, sometimes, the rules of the game may favor the home teams in some sports. For example, in ice hockey the home team is given the last opportunity to make a line change. This implies that the home teams can observe the players chosen by their opponents and perhaps catch a glimpse of their strategy. The team playing away has no such opportunity, and must simply change players without knowledge of what their opponent is doing. Another example of a rule benefiting the home team occurs in baseball, where the home team always bats last to end the game.
If the home team is losing going into the last inning, they still have one last chance to win the game.
Given the focus of our study, we are more interested in the role that referees may play in affecting result of a match. Prior literature stressed that the surrounding environment, apart from influencing the outcome directly, may also have an indirect effect by affecting referees' decisions. In other words, because of the pressure the environment is able to exert on the referee, he is likely to treat more favorably the home team. Mohr and Larsen (1998) analyze the results of the Australian football championship and support the existence of the home referee bias, measured as the number of free kicks awarded to the home team as compared to those given to the teams playing away. In an interesting paper, Nevill et al. (2002) conduct an experiment using two groups of qualified referees. Referees are asked to award free kicks while watching the same matches. A first group of referees watched the matches hearing the crowd noise, while the other evaluated the same episodes without sound. The results of the experiment strongly supports the existence of a home referee bias, since the first group of officials sanctioned fewer fouls to home teams, whereas the number of fouls called against the visiting team was unaffected.
Other more recent contributions offer further support to the home referee bias. Sutter and Kocher (2004) find that referees are more inclined to add extra time when the home team is not leading the match; Garicano et al. (2005) show that the referee bias operates in favor of home teams as an outcome of the support of the crowd, measured by the number of spectators watching the match. Finally, Dawson et al. (2007) , analyzing football matches in the English Premier League from 1996 to 2003, find that the team playing away is more likely to face higher sanctions from the referees than the home team. It is important to highlight that these results may be used in order to separate the more general home bias from the home referee bias and argue that the former is a necessary condition for the presence of the latter.
While in the literature there is a large support to the hypothesis that referees' decisions are biased in favour of the home team, few contributions argue against it. An example of such a literature is Ridder et al. (1994) . They provide empirical evidence of the fact that referees in Netherland professional football divisions do not award higher numbers of red cards against visiting teams.
Motivation
As noted above, the referee bias is generally viewed by the literature as the effect of external factors, such as the support of spectators for the home team, on the impartiality of the referee's decisions.
In this paper, we have the opportunity of exploiting the information taken from the 2004/05 Serie A championship, which formed the evidence for the Calciopoli scandal. The wiretapped telephone conversations that uncovered the game-fixing activities involving both referees and team owners and managers highlight a different kind of referee bias, which we call consciuos bias. In this respect, the Calciopoli scandal may be considered as a unique experimental case study to evaluate the extent of both conscious and unconscious referee bias and to examine the impact of each of them on the outcome of the championship. More specifically, our empirical analysis will allow us to identify and highlight the effect of the conscious referee bias by controlling for the other factors related to the unconscious type of bias.
It is important to underline the fact that we are evaluating the ex-post realized effect of any form of referee bias. Therefore, results that seem to be against the conclusions of the official investigation should not be interpreted as evidence denying the existence of game-fixing activities. Rather, they should be interpreted as a sign of counterbalancing activities or of their ineffectiveness.
A simple model
When engaged in a game, the two teams are contenders fighting over a valuable prize (Szymanski, 2003) . This section presents a theoretical model describing the determinants of the outcome of a football match.
It is important to note from the outset that several elements may influence the strategic behavior of the teams playing a football match. For example, recall that not all the matches take place simultaneously. Therefore, the results of earlier matches definitely influence the behavior of teams playing later in the day (or season). In addition, consider the fact that some of the teams are contemporarily involved in national and UEFA football matches. These teams, in order to optimally exploit their performing capabilities, have to distribute strategically their effort over national and international games.
Rather than modelling such a complex scenario, which is beyond the objectives of this paper, in this Section we construct a simple theory by relying on some simplifying assumptions. This allows us to sketch the determinants of the probability of victory in football matches. More specifically, we assume that all matches are played at the same time and that each team aims at winning all the matches. These two assumptions imply that the competing teams play every match in isolation, without any concern for the results of other matches already played and/or to be played. The high reward given to victories (3 points) makes it plausible to assume that every team's objective is to win games. Within this framework, we examine the team's optimal behavior. We assume the existence of two teams and define
as the payoff for team i from playing a football match. Here, p i is the probability of victory for team i, with i ∈ {1, 2}; e i ∈ (0, V i ) is the the effort that team i unfolds in the game; and c i is an inverse measure of the quality of each team's players. The higher the value of c i , the weaker the team and viceversa (Moldovanu and Sela, 2001) .
Finally, V i ∈ (0, ∞) is the value that team i assigns to victory in the game. This value can be interpreted as the sum of all the gains associated with winning a football match. Both e i and V i are expressed in terms of financial resources, physical assets (infrastructure such as the stadium, training centres, etc.) and human and reputational capital (players and prestige) that a team is expected to lose and/or gain as a result of playing the football match.
Victory in a given match may or may not be valued differently by the two teams.
The different evaluation can be determined by several factors which include: the different position of the teams in the table, the degree of the competition characterizing the championship, whether the match is played at the beginning or at a different stage of the season and so on. Therefore, we assume:
and:
where β is a positive parameter. If β = 1, both teams assign the same value to victory; if β > 1, victory for team 1 is more valuable than for team 2 and if β < 1 the opposite applies.
The probability of winning a game for each team depends on its own effort as well as on the effort spent by the opponent team. The literature suggests the use of the so-called contest success function (CSF) to specify this probability (Szymanski, 2003) :
and α i ∈ (0, 1) are parameters capturing the factors affecting the result of a match, which are not dependent on the teams' effort.
In line with the existing literature, α captures, for example, the home team bias and home referee bias. But it is also possible that α i and α j may differ from team to team because the impartiality of the referee is affected by his/her voluntary actions (in this case, his/her bias is conscious). Therefore, α i and α j should be considered as aggregate (or reduced form) parameters, able to capture several different factors, including unconscious and conscious referee bias.
Competing teams choose the optimal amount of effort to maximize (1). Substituting (2) into (1), differentiating with respect to e i and solving, yields the optimal amount of effort for each team:
and
Hence, in equilibrium the optimal level of effort is different for the two teams, since it depends on the relative quality of their players and on the value that they attach to victory. The level of effort would be therefore equalized if c 1 = c 2 = β = 1.
Substituting back the optimal levels of efforts in the contest function for both teams, we obtain the probability of winning as follows:
where we note that the probability of success in a game is increasing in β for team 1 and decreasing in the same argument for team 2. This follows from the fact that, if team 1 assigns a higher value to victory, its effort will be greater and, consequently, its chances of winning the game will increase. The opposite holds for team 2. Furthermore, p 1 is also increasing in c 2 and decreasing in c 1 , since a lower quality of the players playing for team 2 increases the chances of success for team 1. Similarly, the lower the quality of players playing for team 1, the weaker the team in the football field and the smaller its probability of winning the game. Ceteris paribus, the same holds for team 2.
Substituting the previous values in the payoff function, we obtain the following expected payoffs:
Equations (7) and (8) show that the expected payoffs of the two competing teams differ. This is because their probabilities of success are different as highlighted in equations (5) and (6). More specifically, these probabilities depend on the values of the parameters α 1 and α 2 , the quality of each team's players and the importance for each team of winning the game:
As noted above, the two parameters α 1 and α 2 capture many things unrelated with teams' efforts, including the effect of referees' bias. From equation (9) we derive that, if the two teams have the same quality (i.e. c 1 = c 2 ) and assign the same value to victory (i.e., β = 1), the result of the match is affected by the ratio α 1 /α 2 . This ratio indicates the extent of the relative referee bias between the two competing teams.
As noted above, referee bias can be conscious or unconscious. It is very interesting to disentangle and separately identify the effects of the two sources of bias. We do so in our empirical investigation where, by examining the case of the Italian Calciopoli scandal, we control for unconscious referee bias and therefore highlight the full extent of the conscious bias component. The analysis above suggests that the probability of winning a match for one of the two teams playing the game depends on three factors: the value that each of the teams attaches to victory (β), the quality of each team's players (c) and some factors that do not depend on each team's effort (α) and capture the effect of both conscious and unconscious referee bias. We model this probability as follows:
Data and empirical framework
where the dependent variable Pr(W in) is the probability of winning a football match.
We use binary choice models for estimating parameters, our binary variable being win/not win. However, the possible outcomes of a football match are three: victory, draw and loss. We have decided to merge draw and loss into one outcome (no victory) because of the high reward given to victory (3 points), relative to draw (1 point) or loss (0 points). We checked our results for robustness by estimating ordered logit models, taking into account all the possible outcomes of a match. Results are qualitatively the same.
1
In Model (10), Strength i is a measure of the quality of the challenger. This variable is measured as the difference between the points accumulated in the table by the opponent team until the match is played and the average number of points collected by all other teams. Therefore, it takes a positive value if the challenger is stronger than average and a negative value otherwise. Since (on average), the stronger the challenger, the lower the probability of winning, we expect the sign of the associated parameter μ 2 to be negative. 
Ref eree

T eam (j)
i , for j = 1, . . . , 4 (since four teams have been involved in Calciopoli), is a dummy variable assuming value 1 if the team j is involved in the scandal and 0 otherwise. This variable captures the direct effect of involved teams on the probability of winning.
In order to evaluate whether one (or more) of the eight biased referees favoured one (or more) of the four teams involved in the scandal, we constructed the interaction vari- Home i is a dummy variable assuming value 1 if the team hosts the match and 0 otherwise. This variable captures, among other effects, the home team bias, and it is a proxy of the unconscious referee bias. Therefore, its associated coefficient, μ 6 , is expected to be positive. Since in Model (10) we control for unconscious referee bias through the dummy variable Home i , the variable Referee It is important to notice that in Model (10) we make the assumption that each team attaches to victory the same value, i.e. β = 1. This choice is determined by the unavailability of a suitable criterion to construct an appropriate measure of teamvarying β. 
Preliminary analysis
In Table 2 , we report the results from a preliminary analysis that builds on some descriptive statistics. Column A reports the set of teams we focus on, and Column B the total number of matches for each set of teams, disaggregated by referees according to whether they are (they are not) biased (B 1 and B 2 , respectively). Column C displays the average points that each set of teams gained at the end of the season, disaggregated by referee, again according to whether they are (they are not) biased (C 1 and C 2 , respectively). Finally, Column D reports the t-statistics to test the null hypothesis that the difference between the two means in C 1 and C 2 is zero.
[ Table 2 about here]
The 380 matches of the season lead to a sample of 760 observations (since a single match involves two teams). Out of the whole sample, 274 matches have been directed by a biased referee (35%) and 486 by another referee (65%). The average points in the two different cases is similar (1.33 vs 1.34), and in fact the associated test statistic does not reject the null hypothesis of equality of means.
Interestingly, this is also the case when only the subsample of the teams involved in Calciopoli is considered. The average points are still similar (1.76 vs 1.57), and the 2 It should be also noted that all the variables employed in the empirical investigation do not show any statistically correlation at 1% level (correlation matrix is available upon request to the authors).
outcome of the test is the same. Therefore, this simple analysis seems to suggest that the biased referees did not, as a group, have a systematic effect on the outcome of matches.
Results partially differ when the analysis is conducted at the team level. Fiorentina was directed 13 times by a biased referee and 25 times by other referees. In the first case, Fiorentina realized an average of 1 point per game and in the second case 1.16 points. However, the test does not reject the hypothesis that the two means are equal.
Juventus has been directed 20 times by a biased referee and 18 times by other referees. This team had an average of 1.90 points in the first case, and 2.67 in the second case. Moreover, the test strongly rejects the hypothesis that the difference between the two means is zero. Hence, the evidence suggests that Juventus has fared remarkably worse when refereed by biased officials.
Lazio has been refereed 13 times by a biased referee and 25 times by other referees.
This team realized an average of 1.54 points per game in the first case and 0.96 points in the second case. The associated test, however, does not reject the hypothesis that the two means are equal. This is also the case for AC Milan. Its average points per game when refereed by a biased official is higher (2.35 vs 1.86), but the test does not reject the null hypothesis of equality.
Summarizing, results from this preliminary analysis suggest that Fiorentina achieved a lower (but statistically not significant) average of points per game when refereed by biased officials; Juventus achieved a lower (and statistically significant) average of points of per game when refereed by biased officials; Lazio and AC Milan had a higher than normal (but statistically not significant) average of points per game when refereed by biased officials.
These results, coupled with the evidence that the average number of points per game realized by all the teams playing in Serie A does not seem to be influenced by the type of referee directing the match (i.e., those under investigation and those not investigated), suggest that the conscious bias did not have a general effect. Rather (the case of Juventus), it seemed to influence the results of football matches in a counterintuitive manner: biased referees damaged the team they were supposed to help.
Were the investigated referees acting as a group?
The analysis in the previous section misses some important elements. Among these, the most important is the strength of the opponent team. If one really wants to determine the effect of a referee on the outcome of a match, then the strength of the opponent team should be properly controlled for. Take the case of Juventus, for example. From the previous section, one concludes that its performance has been worse when refereed by biased officials. But, it could be very well be the case that the matches refereed by biased officials have been played against very strong teams. So, the outcome of the previous test could be driven by the strength of the opponent teams, rather then by a biased referee. Therefore, it is important to disentangle these two effects.
To this aim, we estimate model (10) using a logit specification. Results are reported in Table 3 . We estimate six models, according to the level of aggregation of the variable
T eam.
In Column (A), T eam is a dummy variable assuming value 1 if the team belongs to one of the four involved in the scandal, and 0 otherwise. Results suggest that the variable Referee has a negative but not statistically significant effect on the probability of winning the match. Therefore, the evidence suggests that the subset of biased referees did not change, on average, the likelihood of winning a match. As expected, the variable measuring the strength of the opposite team is highly significant, and displays the expected sign. Moreover, in line with the empirical evidence emerging from the existing literature (Garicano et al., 2001; Goddard, 2005; Dohmen, 2005; Dawson et al., 2007) , results confirm the existence of home team bias. The variable Home is highly significant and displays a positive sign. On average, therefore, playing at home provides hosting teams with significant advantages. The two previous results are robust across all the estimated models.
[ Table 3 about here] The variable T eam has a positive sign and it is statistically significant. This possibly reflects the fact that two of the teams involved in the investigation (AC Milan and Juventus) scored a very high number of wins during the season. The interaction term, Referee×T eam, is not statistically different from zero. This provides evidence against the hypothesis that biased referees had an effect on the outcome of football matches.
Of course, these results may be due to some counterbalancing effects. If referees are biased in favour of a particular team but against another one, the effects of their actions on match results might not be statistically significant, if they are taken in aggregate.
For this reason, we have conducted the analysis at a more disaggregated level. Results
of this exercise are reported in Columns (B) to (F).
Starting from Column (B), Fiorentina has a negative (but not significant) sign, reflecting the low number of matches won during the season; the interaction term with Referee is also not significant, suggesting no systematic influence of biased referees on the probability of winning a match.
The variable Juventus is statistically significant and positive. This is not surprising, since the team won a high number of matches in the season. The interaction of this variable with Referee is negative and statistically significant. Therefore, biased referees had a negative impact on the probability of winning games for Juventus. This result is very surprising, given that prosecutors argued that the management of this team had established a system of connections able to illegally determine and influence the outcome of the matches and indeed of the entire season to its own advantage.
Column (D) shows that AC Milan is statistically significant and positive, again reflecting the good performance of the team in the season. The interaction with the variable Referee is not statistically significant. This result is against the hypothesis that biased referees were associated with a higher probability of winning games.
Column (E) shows for Lazio similar results to those already observed for Fiorentina.
The poor performance of the team in the season determines a negative (but not significant) sign of the variable T eam; and the interaction term is also not significant.
Finally, Column (F) reports results obtained including all the individual teams involved in the investigation. Qualitatively, it is possible to draw the same conclusions as those coming from models (B) to (E).
The evidence seems to suggest that all the teams investigated for trying to illegally influence the results of the matches did not in fact fairly (statistically) better when refereed by biased officials. Furthermore, quite surprisingly our results suggest that Juventus, the team accused of masterminding the whole system of corruption, has been the only one which consistently underperformed when directed by those referees.
A parallel championship?
The rather surprising results from previous sections seem to be consistent with two alternative hypothesis. Either: Table 3 might point to is the existence of a parallel championship played outside the football pitch, where managers, team owners and referees compete and interact to determine the outcome of the game. This is what is implied by the second hypothesis. It postulates the contemporary existence of two parallel championships: the first is the official/legal championship in which teams competition takes place in the football field, and the second is the unofficial/illegal championship in which teams' owners and managers compete to corrupt referees.
What the results in
In the parallel championship each team undertakes a collusive relationship with a given referee or group of referees in order to manipulate the match results. There-fore, each team's overall performance in the official championship is affected by the net effect of the single interactions it entertains in the unofficial championship. In this perspective, the fact that (on aggregate) the performance of three out of the four teams involved in the scandal is not associated with biased referees might be explained by possible individual effects of biased referees compensating each other. Similarly, the fact that the effect of the referee bias on the performance of Juventus is, on aggregate, negative, could be a result of the positively biased referees underperforming with respect to the negatively biased ones.
In a context in which two parallel championships are played by a set of teams and referees, the overall outcome of the football tournament depends on each team's performance in both its official/legal and unofficial/illegal component. Therefore, we check whether any systematic relationship exists between each one of the four teams involved in Calciopoli and one or some of the eight biased referees. Table 4 reports the results of a preliminary analysis linking individual biased referees and the performance of the teams involved in Calciopoli. An inspection of the Table reveals that Juventus played the highest number of matches refereed by biased officials, compared to the other three teams. We also note that, in line with the results of difference in means tests shown in Table 2 , there is no significant difference between the outcome of the matches refereed by biased and other officials for AC Milan, Fiorentina and Lazio. However, Juventus seems to have performed substantially worse when refereed by biased referees.
Juventus lost only four matches during the 2004/05 Serie A season and all of them were directed by biased referees.
[ Table 4 about here]
In order to evaluate the effect of individual biased referees, we estimate Model (10) with the disaggregated variable Ref eree and report the results in Table 5 .
[ Table 5 [ Table 6 about here]
These results seem to lend some support to hypothesis 2, stated at the beginning of the section. As shown in Table 6 , which summarizes the findings of Table 5 , some referees' behavior damaged the performance of Juventus whereas other referees' behavior benefited Lazio and AC Milan.
Robustness checks
A first concern on the results of the analysis we have conducted so far stems from the level of aggregation of the dependent variable. Indeed, our dependent variable is the likelihood of winning a match. Further, our sample consists of all the matches played in the season. Therefore, some of the relationships we are trying to uncover may be hidden. For this reason, we undertake a completely different approach, and focus only on the matches played by the team(s) involved in the scandal.
Results are reported in Table 7 , where we present six models. Column (A) is obtained by using observations from all the teams involved in the scandal. In line with our previous conclusions, results suggest that the stronger the opponent team, the lower the likelihood of winning a match. Moreover, the variable capturing the home team bias is statistically significant and positive. Finally, the evidence rejects the hypothesis that biased referees, when considered as a group, have a different impact on the probability of victory with respect to the other referees.
Column (B) reports the results obtained by using observations related to teams untouched by the scandal. Results are very similar to previous ones. Column (C) is obtained by estimating model (10) for Fiorentina. The same holds for Columns (D), (E) and (F), where only observations for Juventus, Lazio and AC Milan are, respectively, used. Results generally confirm our analysis.
[ Table 7 about here]
The variable Strength exerts a negative impact on the likelihood of winning a match for Lazio, whereas in the case of Fiorentina, Juventus and AC Milan it is not significant. This finding can be explained by the fact that these teams have won (or lost, in the case of Fiorentina) a large number of matches regardless of the strength of the team they played against. Interestingly, the only team taking advantage of the home team bias is Fiorentina. Also, Juventus had, again, a significantly lower performance when refereed by biased referees. The opposite holds for Lazio.
In Table 8 [ Table 8 about here] A second concern on our results is related to the definition of our dependent variable. We recall that we used as dependent variable the probability of winning vs the probability of not winning a match. However, even a draw may be the result of the referee conscious bias if, for example, the team he is supposed to favour deserves to loose the match. Therefore, we repeated the entire analysis by estimating an ordered logit model to account for the three possible outcomes of a match.
The findings of this empirical exercise are reported in Table 9 . They generally confirm our previous findings. As before, the strength of the challenger and the home team bias are significant determinants of the probability of carrying out a better performance in a match. Their statistical significance and their signs emerge as expected. As before, the variable Referee × T eam is not statistically significant. However, a more disaggregated investigation suggests that Juventus obtained a worse performance when the match was refereed by biased officials. On the other hand, Lazio over-performed.
Finally, both AC Milan and Fiorentina do not appear to have been significantly benefited or damaged by biased referees. Results on individual referees are maintained: signs and statistical significance of the interaction variables do not change.
[ Table 9 about here] A third and final concern is related to our estimator. If a team untouched by the scandal is particularly weak (or strong), then the reason for its poor (good) performance relies simply on its quality. If this is the case, it is likely that our results are inconsistent because of an omitted variable bias. We overcome this possible bias by employing a probit panel data estimator, which washes up all individual effects. Results are reported in Table 10 .
[ Table 10 about here] Also this final check supports our previous results. Playing at home enhances the chances of success. While, on aggregate, referees do not seem to play a significant role in favour of the teams involved in Calciopoli, if we disaggregate our analysis taking into consideration teams and referees separately, Juventus underperformed with biased referees, while Lazio's performance improved significantly.
Discussion
The empirical analysis carried out in the previous section highlights some interesting facts. The most surprising one is that the results seem to be partially in contrast with the official investigation. While the latter uncovered the role played by several key figures of Italian football system, the referee bias seems to exist only for two of the four teams sanctioned by FIGC magistrates. Moreover, estimates show that Juventus underperformed when directed by a biased referee. The contrast between the conclusion of the official investigation and the empirical results can be reconciled by considering counterbalancing individual effects of biased referees.
Generally speaking, the existence of referee bias has important implications not only for the fairness of a single match, but also for the overall fairness of the entire sport tournament. In Figure 1 we show how the behavior of referees may lead to different results according to whether they are or they are not biased and, if they are, according to whether their actions are conscious or unconscious.
[ Figure 1 about here]
Consider the case of a national football championship. Since referees are always required to act as impartial agents, the team winning the title fairly deserves it if all the matches of the championship are conducted by unbiased referees. However, referees' decisions can be biased. For example, think of the well documented home bias effect.
It may be argued that, since referees favour the team playing the game at home, the result of every single match of the national championship is likely to be biased. But, since each team plays the same number of matches at home during the season, the title at the end should still be fairly assigned. In this case, the net effect of the home team referee bias on the overall outcome of the championship is likely to be zero.
The same rationale does not apply to the case in which the referee bias is conscious, i.e., when it is the result of a voluntary behavior on the part of the referee. Since the very nature of referees is to act as impartial agents, the possibility of consciously biasing the result of a match is unfair. This implies that, when referees are consciously biased, the overall outcome of the championship ought to be considered unfair.
Conscious referee bias could be more or less effective in distorting results of matches.
While in the latter case the final outcome of the championship might still be fair, in the former case the fairness of the championship may depend on the behavior of the other referees. It could be argued, in fact, that the case of a parallel championship played by all the team owners and managers in order to guarantee themselves friendly referees might still produce fair results. This is because referees' biased actions could counterbalance. The overall fairness of the championship is definitely jeopardized if only one or a few teams corrupt referees to manipulate match results (see Figure 1) .
Concluding remarks
In the summer of 2006 a game-fixing scandal shook Italian football. Team owners and managers were suspected to corrupt referees in order to manipulate match results. In this paper, we used a standard model borrowed from conflict theory to describe how the outcome of a football match may be affected by factors directly associated with the relative quality of the competing teams, as well as by biased decisions of referees.
Typically, the literature on sport contests shows that referees may unconsciously affect the result of a match. This is the case of the home team bias in which referees' decisions benefit the team playing at home. Motivated by the Calciopoli scandal exploded in Italy in the summer 2006, we also allow referees to consciously affect the outcome of the games.
We then use the data on 2004/05 Serie A season to highlight the presence of these two types of bias, to quantify their effects on teams' performance and to examine and discuss the implications of our results on the overall fairness of the championsip. The findings of our paper are important to understand and evaluate growing episodes of suspected game-fixing and fraud in professional sports. The dependent variable is the probability of winning a match. Number of observations: 760. Standard Errors are in parentheses. *, ** and *** stand for significance at 10%, 5% and 1% level, respectively.
Determinants of the Probability of Winning a Match: Table 3 Teams Table 5 The dependent variable is the probability of winning a match. Number of observations: 760. *, ** and *** stand for significance at 10%, 5% and 1% level, respectively.
Biased Referees and Teams Involved in Calciopoli Team
Positive Impact
Negative Impact Table 6 Variables (A) The dependent variable is the probability of winning a match. In estimating models (A) and (B) we have used matches played by a team involved (not involved) in Calciopoli , respectively. In estimating models (C), (D), (E) and (F) we have used matches played by Fiorentina, Juventus, Lazio and AC Milan, respectively. *, ** and *** stand for significance at 10%, 5% and 1% level, respectively. The dependent variable is the probability of winning a match. Number of observations: 760. Standard Errors are in parentheses. *, ** and *** stand for significance at 10%, 5% and 1% respectively. Table 10 Robustness Check II: Panel Data Analysis
The dependent variable is the probability of winning a match. Number of observations: 760. Standard Errors are in parentheses. *, ** and *** stand for significance at 10%, 5% and 1% level, respectively. 
